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Available online xxxxBecause incomplete confirmation is available concerning the influential role of atmosphere contamination on
conjunctivitis, myopia, asthma, and allergic rhinitis in Brazil, the focus of the present work is to explore the pos-
sible relations among atmosphere contamination and eye problems. Rather that a case study on eye diseases, by
way of questionnaires supplemented by the investigation of nanoparticles (NPs) on eyeglasses, the study exam-
ines themechanisms inwhich NPs and ultra-fine particles are deposited on the glasses of children up to 10 years
of age in urban and rural area. The important connection between atmosphere contaminants and individual pro-
tection equipment justifies improving indoor school properties in order could protect children's eyes, particularly
in high-pollution/high-particulate areas.







With the expansion of urban civilization, ecological contamination,
particularly atmosphere effluence, is increasing significantly (Saikia
et al., 2014, 2015; Duarte et al., 2019; Ferrari et al., 2019; Ramos et al.,
2019; Cortés et al., 2020; Madureira et al., 2020; Silva et al., 2020a,
Silva et al., 2020b, Silva et al., 2020c, Silva et al., 2020d). Human health
is always exposed to atmospheric nanoparticles (NPs) and ultra-fine
particles (UFPs) through breathing, ingestion, dermal interaction, and
eye's connections. Contact with these particles can lead to DNA prob-
lems, cardio disease, cellular oxidative stress, and multiple other health
problems (Martinello et al., 2014; Rojas et al., 2019; Zamberland,
Halmenschelager, Silva, & Da Rocha, 2020). Nevertheless, information
of the results of particulate matter (PM) on the cardio system cannot
be extrapolated to other diseases, such as infection of the ocular exterior
(Zhang et al., 2014). First, in cardio diseases, routes and cardiovascular
structures are continually vulnerable to inhalable particles (Zanoletti
et al., 2020). Additionally, UFPs can remain on and disturb the condition
of the ocular system and NPs may influence myopia and conjunctival
vessels, though at a slower rate than in airways (Yang et al., 2019).en access article under the CC BY-N
ower, G.L. Dotto, et al., Depos
iers, https://doi.org/10.1016/The contact to UFPs and NPs, varying aa a function of geochemical
configuration, can change the lipid profile of tears, disturbing the con-
stancy of the tear film (; León-Mejía et al., 2016, 2018; Akinyemi et al.,
2019, 2020; Ramírez, Da Boit, Blanco, & Silva, 2020). Short-term contact
to atmosphere UFPs is linkedwith asthma, respirational, and hypersen-
sitive symptoms (Sugiyama et al., 2020). Many studies involved chil-
dren in order to evaluate the connection between UFPs and
respirational indications (Deng et al., 2018) because children have a
weaker immune system than adults (Pacitto et al., 2020). Identifying
the human health costs of air contamination is significant for the envi-
ronment and health policy formulation. From an environmental policy
perspective, strict regulation may reduce the profit of enterprises,
whereas loose regulation may harm public health. A trade off exists be-
tween economic benefits and health costs for policymakers. Failure to
quantify the health costs of air pollution accurately can affect the quality
and efficiency of environmental policy. Nevertheless, the optimal level
of environmental regulation is controversial, given the lack of accurate
estimates for health costs. Fromahealth policy perspective, air pollution
has heterogeneous effects on individuals with different economic sta-
tus. Individuals with poor economic status may suffer greater losses,
which lead to health inequality. Therefore, the health policy needs to
consider air pollution cost to avoid amplifying health inequality.
UFPs and NPs originate from several sources, involving both urban
and rural vectors (Saikia et al., 2014, 2015, 2016, 2018, 2020;C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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eral authors have studied the health implications of UFPs and NPs
sources (Silva et al., 2012, Silva et al., 2013a, Silva et al., 2013b; Saikia
et al., 2015, 2016, 2020; Saikia, Saikia, Rabha, Silva, & Finkelman,
2018; Sehn et al., 2016; Sánchez-Peña et al., 2018; Ramírez et al.,
2019) and their association with death (Ito et al., 2006), vascular and
respirational crisis department visits (Yamazaki et al., 2019), and hospi-
talizations (Sugiyama et al., 2020). Sugiyama et al. (2020) investigated
the connection between particulatematter causes and asthma+allergic
indicators in children. The eyes are also a point of contact for virus and
glasses are an added layer of protection between the eye and the envi-
ronment (Mukamal, 2020).
The eyes are continually exposed to the indoor or outdoor atmo-
sphere. Atmospheric contamination may damage the eye (Lin et al.,
2019). For example, toxicological studies (Sugiyama et al., 2020) have
noted that populaces with short- or long-term contact to UFPs and
NPs often suffered eye irritation. For these reasons, the objective of
this study is to meticulously examine the occurrence of NPs and UFPs
deposited in on the lenses of children's glasses from rural and urban
schools. The in-school measurements of NPs and UFPs were conducted
in 22 Brazilian schools under realistic urban and rural circumstances.
Therefore, it is believed that the results of this studymay be used in sev-
eral other areas with a contaminated atmosphere.2. Study zone, sampling strategy, and analytical methodology
Currently, there is a lot of concern about the health of children in
urban areas (Rojas et al., 2019). However, most studies in the last de-
cades have been conducted using samplers, sensors, and othermethods
that do not represent real contact between particles and children in pri-
mary schools (McConnell et al., 2010; Pacitto et al., 2020). Therefore,
this study had as main objective to analyze the particles deposited on
the children's glasses. Hundred and fifty-eight (79 per school) eyeglass
lenses were studied in 22 schools in the Rio Grande do Sul State, South
Brazil (Fig. 1). The school's areas studiedwere the same reported by pre-
vious authors (Rojas et al., 2019). Thus, it was possible to select 11
schools in the city of Canoas, which has high vehicular traffic, industries
such as oil refinery, among others. As a control area, 11 schools were se-
lected in the rural areas of the city of Nova Santa Rita.Fig. 1. Location of study areas (rural and industrial).
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The experiments were conducted once a week between June and
August of 2016 (cold season). The glasses were washed with only
water and soap upon arrival at the school, then well dried with acetone
and cloth, and then cleaned with a vacuum cleaner. The experiment of
extracting the material contained in the children's eyeglass lenses was
repeated after the end of classes. Thus, the experiment represents the
five-hour time of exposure of the eyes during the class period. The
same complete procedure was done with one glass not being used by
a child, remaining only as a blank control. The solid material present
on the eyeglass lenses were extracted with hexane and methanol,
with hexane (for nonpolar particles) used in the 158 left lens andmeth-
anol (for extraction of polar particles) used in the 158 right lens, so as
not to alter the chemical and morphological properties of the particles.
All reagents used in this study were acquired from Sigma Aldrich (at
grade ≥ 99.8%) andMilli-Q water (De Vallejuelo et al., 2017). After sam-
pling, all samples were enclosed in a pre-cleaned plastic bottle and
closed in bags for transference to the lab (Sanchís et al., 2013; Sanchís
et al, 2015). All sampled particles were stored at 0 °C in a dry system
pending investigation by the proposed analytical approach (Cerqueira
et al, 2011; Cerqueira et al., 2012; Arenas-Lago et al, 2014a, Arenas-
Lagoet al, 2014b). In the laboratory, sampled particles were prepared
based on previously published advanced electron microcopy studies
(Silva et al., 2011, Silva, Macias, Oliveira, da Boit, & Waanders, 2011,
Silva et al., 2011, Silva, Querol, da Boit, Fdez-Ortiz de Vallejuelo, &
Madariaga, 2011, Silva et al., 2012, Silva, Jasper, et al., 2012, Silva,
Sampaio, Guedes, Fdez-Ortiz de Vallejuelo, & Madariaga, 2012, Silva,
Fdez-Ortiz de Vallejuelo, et al., 2013a, Silva, Oliveira, et al., 2013;
Quispe, Perez-Lopez, Silva, & Nieto, 2012; Ribeiro, 2021, Ribeiro,
Daboit, Flores, Kronbauer, & Silva, 2013, Ribeiro, Taffarel, Sampaio,
Flores, & Silva, 2013; Ramos et al., 2015, 2017). Before high-resolution
transmission electron microscopy (HR-TEM) studies, the specimen
holder was cleaned with an Advanced Plasma System (Gatan Model
950) to minimize contamination (Nordin et al., 2018; Silva et al.,
2020a, Silvaet al., 2020b, Silvaet al., 2020c, Silvaet al., 2020d). Even so,
a blankwas analyzed at the same time as the samples in order to ensure
that the samples did not contain impurities from the specimen holder
(Ehrenbring, Quinino, Oliveira, & Tutikian, 2019; Gasparotto et al.,
2018, 2019; Rodriguez-Iruretagoiena et al., 2015). Obtained NPs, after
sequential extraction (flowing proposed by Choleva et al, 2020), were
studied by a scanning electron microscope (SEM) model Sigma 300 VP
(Carl Zeiss, England) with Schotky-type field emission filament (FEG-
Field Emission Gun; tungsten filament covered with zirconium oxide)
and equipped with a Gemini column (Zeiss, England). The images
were obtained using the secondary detector (SE2) in high-vacuum
mode (1×10−9 bar); working distance of 5 mm; opening of 20 μm;
and 1000×, 2500×, and 5000× magnifications (Cutruneo et al., 2014).
The energy-dispersive X-ray spectrometer (EDS) spectra were gener-
ated by the EDS X-ray detector (model Quantax 200-Z10, Bruker,
Germany) equipped with a 10-mm2 quartz window and ESPRIT soft-
ware (Oliveira et al., 2019, Oliveira et al., 2019, Oliveira et al., 2019,
Oliveira et al., 2019, Oliveira, Tutikian, MIlanes, & Silva, 2020). The EDS
were obtained using the secondary detector (SE2) in the variable-
pressure mode, which consists of the insertion of N2 gas in the sample
compartment, allowing the variation of the partial pressure between 1
and 133 Pa (1 Pa = 1×10−5 bar), working distance 8.5 mm, energy of
20 kV, and opening of 60 μm (Oliveira et al., 2012, 2013, 2014, 2017,
Oliveira et al., 2018, Oliveira et al., 2018; Civeira et al., 2016). In addition,
HR-TEM equipped with EDS was utilized (Akinyemi et al., 2021;
Dalmora et al., 2016; Dutta et al., 2017, 2020; Firpo, Weiler, &
Schneider, 2021; Gasparotto & Martinello, 2021; Hower & Groppo,
2021; Rautenbach, Matjie, Strydom, & Bunt, 2021; Ribeiro, 2021;
Sumbane-Prinsloo et al., 2021).
Additionally, an questionnaire study was completed to determine
the specifics of all schools in order to recognize the possible causes of in-
door NPs and UFPS containing potential hazardous elements (PHEs), in-
volving the regularity of EL utilization, the regularity of cooking at
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxschool (being a very common practice in Brazilian schools), the regular-
ity of bus and cars around studied school, regularity of classroom
cleaning (and chemical products utilized), etc.3. Results and discussion
Many millions of people worldwide experience serious myopia and
conjunctivitis yearly, with therapeutic payments ranging from U$7 bil-
lion to $12 billion for basically treating bioaerosol conjunctivitis (Azari
& Barney, 2013; Fu et al., 2017). Due to the irregular Brazilian progress,
which can impact living circumstances and atmosphere characteristic,
the price of medicinal maintenance differs significantly among the cit-
ies. For these reasons, aggravated myopia and conjunctivitis by air pol-
lution causes a massive economic problem for patients, particularly
those without health insurance (Ruan et al., 2019). Additionally, for an
emerging nation like Brazil, the greater the potential for additional at-
mospheric contamination. In the future works, for studies on the rela-
tionship of ecological influences and ocular diseases, bio-informatics
examinationwill be accomplished in order to refine ecological statistics.
Many elements, such as satellite-acquired remote-sensing climatologi-
cal statistics, geological information, transportation circulation, and
populace travel patterns will be utilized in our next studies to assess
the atmosphere contamination records conforming to each student as
the base of a vast data investigation. These innovative procedures will
reveal how atmosphere contamination influences the sustainable ex-
pansion of southern Brazil.
Of the 566 children who agreed to collaborate, only 158 (27.9%)
wore glasses. Using the data obtained via Table 1, it can be confirmed
that the percentage of children who have problems such as conjunc-
tivitis, myopia, asthma, and allergic rhinitis is higher in urban areas
than in rural areas. Whereas more than 98% of children live in the
same city as the school where they study (that is, they spend 24 h
in a relatively close place, it can also confirm the importance of
glasses either for rural schools or urban schools since children who
wear glasses have a lower percentage of conjunctivitis. Therefore,
this study will serve as a database for the competent authorities of
government and schools to try to ensure that all children wear glassesTable 1







79 (50%) 79 (50%)
Sex Male 40 42
Female 39 37





Medical history Conjunctivitis 2 (2.5%) 9 (11.4%)
Myopie 11 (13.9%) 20 (15.8%)
Asthma 9 (11.4%) 12 (15.2%)
Allergic rhinitis 17 (21.5%) 31 (39.2%)
Participants (without glasses:
total 408)
204 (50%) 204 (50%)
Sex Male 103 99
Female 101 105





Medical history Conjunctivitis 35 (17.1%) 43 (21.1%)
Asthma 49 (24.2%) 66 (32.3%)
Allergic rhinitis 83 (40.7%) 89 (43.6%)
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(as illustrated in the Supplementary Material), even if they do not
need to use them, if only for protection since their schools are in
high traffic conditions.
Particulatematter less than 10 μmproved to have an important con-
nectionwith conjunctivitis in the studied students. Additionally, several
bacteria, fungi, virus, and others bioaerosols (i.e. pollen) could be trans-
ferred with UFPs to extensive spaces, inducing the conjunctivitis inten-
sity (Iovieno et al., 2008). Lin et al. (2019) reported an interdisciplinary
study in different areas to study the consequence of UFPs on ocular im-
pairment and discovered that each 10 μg/m3 intensification in PM2.5
corresponded to a significant intensification in presbyopia. The vari-
ances in degree across relations of results are possibly due to dissimilar-
ities in contamination deliberation, contaminant geochemistry, or UFPs/
NPs morphology and speciation (Sugiyama et al., 2020). In the present
urban and rural work, amplified proportion of winter-season atmo-
sphere contaminants were linked with augmented dangers of conjunc-
tivitis in students. This is the first Brazilian work that relates
atmospheric contaminants to urban and rural UFPs with implications
for the eye health of young students. Although conjunctivitis was not
the biggest of the health problems evaluated, the disease was present
in up to 21.1% of children attending urban schools and 11.4% in rural
schools. This indicates that in rural schools UFPs, bio aerosols detected
by FE-SEM, aswell as nanominerals and carbonaceous nanoparticles de-
tected by HR-TEM are not so harmful to eye health, whereas UFPs and
NPs detected in urban schools generate greater damage to eye health
of the children. The following will illustrate the mode of occurrence of
such particulate matter.
In addition to particulate matter, some gases such as NOx, SOx, and
O3, have a great influence on eye health (Sugiyama et al., 2020). For ex-
ample, the formidable oxidizing characteristics of O3 make this gas is a
major irritant, particularly disturbing the eye. Some previous studies
of the sampled area (Garcia et al., 2014; Rojas et al., 2019; Schneider
et al., 2016; Schneider, Teixeira, Silva, &Wiegand, 2015) show that sev-
eral of these gases increase in winter and are likely to aggravate con-
junctivitis as well as the NPs and UFPs detected in this study. While
some of these gases are formed naturally, with the increase in vehicular
traffic and the fuel burning in the local oil refinery and coal-fired power
plant, as has been the case in the studied urban area, over the years win-
ters have had increasingly worse air quality, containingmore gases and
NPs that especially impact children and the elderly. Although particu-
late matter is more harmful to eye health (Ruan et al., 2019), in future
studies, the effect of O3 in the summer will be evaluated as it is a photo-
chemical gas that oxidatively affects the eyes.
This work has some advantages: First, we use atmospheric contam-
ination data from mobile sources (children's glasses) for monitoring,
therefore, assessing individual risks for two groups located in urban
and rural environments. However, it was not possible to obtain detailed
data on classifications of conjunctivitis diseases, whichmay limit further
discussion of the results. Secondly, the particles were obtained and pas-
sively prepared, avoiding chemical, morphological, and physical modifi-
cation. For this work, UFPs and NPs were related with the occurrence of
ocular indicators. These particles measured in South Brazil result from a
few causes: the coal-fired power plant, the oil refinery, soil+building
materials, topsoil, and vehicular discharge.
3.1. Urban particulate matter
Many UFPs and NPs of ammonium, nitrates and chlorates (e.g.
salammoniac, Fig. 2A), sulphates (e.g. Fig. 2B), and amorphous phases
containing As (Fig. 2C), Se, Pb, and Cd had a great influence. This is char-
acterized as a “secondary sulfate and coal-fired power plant” influence
especially because As, Cu, Cd, Pb, Se, and Zn were produced from coal
burning in the studied zone according to Schneider et al. (2016). High
occurrence of sulphate- and nitrate-UFPs/NPs signify the influence of
the coal-fired power plant in urban schools. Therefore, because ammo-
nium sulfate is stable in the air and can be transferred over extensive
Fig. 2.Urban illustrations of themain particles identifiedby advancedmicroscopy. (A) Salammoniac salt derived from coal combustion of the coal-fired power plant near the schools under
study; (B) Ca, Fe-sulphates; and (C) angular carbonaceous amorphous particles contain As, Cr, and others elements.
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxareas (Sugiyama et al., 2020) and because there is a coal-fired power
plant less than 30-kmaway from the studied urban schools, it is hypoth-
esized that this could be the main source of such particles deposited on
the lenses of the sampled glasses. The HR-TEM and FE-SEM results with
EDS analysis (e.g. Fig. 3) also confirmed that Ca- and Fe-sulphates in
eyeglass lens deposits are controlled by extended-range transference
and by regional discharges related with atmosphere contamination.
Some agglomerated amorphous minerals+carbonaceous particles
present a great risk to the eyes, not only because they contain poten-
tially toxic elements, but also because of their pointed/angularmorphol-
ogy (e.g. Fig. 2C), which underlines the importance of this study on the
way in which NPs and UFPs occur. Many similar particles containing Cr,
Mn, Na, and other elements (e.g., P, Se, Cd, Sb) are connected to roadFig. 3. Soil/building particles identification and the typical EDS spectra. This illustrates that in
schools.
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traffic (i.e. carbonaceous matter and Sb) and coal burning (i.e. sulphate,
Cd, Se). In this case, these NPs and UFPs are mixed with other agrarian
contaminants, such as agrarian discharges (e.g. C, K, and P). Therefore,
the combination of atmospheric emissions from urban to rural gener-
ates a complex environment that can only be understood throughmin-
eralogical and molecular analyzes (Dias et al., 2014; Hower et al., 2013;
Islam, Rabha, Silva, & Saikia, 2019; Kronbauer et al., 2013; Oliveira,
Flores, Dotto, Neckel, & Silva, 2021; Silva, Hower, Dotto, Oliveira, &
Pinto, 2021; Wilcox et al., 2015).
The oil-refining industry is a major contributor of the V and Ni NPs
and UFPs found in this study because these two elements are tracers
of oils and their by-products. The schools in the urban area under
study are located near (between 10 and 30 km) a large oil refinery, soschool particles in rural areas it does not contain potentially toxic elements as in urban
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxit is not surprising that Ni-V-NPs are easily detected on the sampled PM
from the school children's eyeglass lenses.
Soil and building material are associated with elements such as Mg,
Na, Si, Al, carbonates, Ca, Fe, Ti, Mn, Co, Sr, Ba, and S, and subsequently
were labeled as nanominerals and amorphous UFPs agglomerations
(Fig. 3).3.2. Rural atmospheric particles
Minerals UFPs and nanominerals had an important progressive con-
notationwith ophthalmic implications. Pun, Tian, Yu, Kioumourtzoglou,
and Qiu (2015) proposed that UFPs linked to natural nanominerals/
UPFs, buildingmaterials, and road dust were connected to respirational
indicators and emergency-room admissions. Their data were similar to
the present work.
The occurrence of somemineralsmay be related to the resuspension
of the soil, as well as the result of the wear and tear of the schools' con-
struction material. Knowing the geology of the soil, it is possible to sev-
eral probabilities of certain minerals derived from the soil dust. In this
study, rutile and gypsum were examples of this (Fig. 4). In the region
under study geologically, there is no natural source of gypsum, so the
particles detected from this mineral derive from the wear and tear on
the walls, after all, the walls contain plaster. On the other hand, rutile
can be present in the soil and also in the building material. Therefore,
it is not possible to confirm the origin of the occurrence of such a min-
eral. However, as many studies claim rutile to be a highly toxic mineral
for human health, it is recommended that rural schools maintain
cleaning at least three times a daywithout using chemicals that contain
volatile organic compounds. It is also important to increase vegetation
near windows and play areas. After all, recent authors (Gredilla et al.,
2017, 2019) from the region confirmed that the vegetation mitigates a
series of exposure with contaminants present in the soil.
Education, as an investment in human capital, brings higher income.
The low-education group includes those who graduated from primary
school and lowermiddle school. Themedium-education group includes
those with an upper-middle school degree and a technical or vocational
degree. The high-education group includes those with a university or
college degree and higher. This finding is consistent with the results of
incomeheterogeneity. Labor economics is interested in the return on in-
vestment in education. Although individuals with a high level of educa-
tion are often influenced by many factors, education remains as one of
the most important factors. Individuals with higher education tend to
have more income and health knowledge. Therefore, they are moreFig. 4. Example of rural particles that are not bioaerols. (A)HR-TEMrutile soil derived picture aft
civil construction in rural schools, especially since they are older and lacking as many resource
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willing to spend on human health. The health costs of air pollution can
be explained by many reasons. First, air pollution directly causes respi-
ratory and cardiovascular diseases, and increases the cost of diagnosis
and treatment. Moreover, air pollution may increase hospitalization.
Some patients with respiratory diseases could have been treated out-
patient, but air pollution exacerbated their illness and required
hospitalization.4. Conclusions
This work, by a detailed an exhaustive questionnaire and advanced
analytical approach study, offered strong indication that children's eye
health were considerably connected with NPs and UFPs in urban and
rural cities in southern Brazil. The substantial connection between at-
mosphere contamination and eye problems underlines the importance
to hasten the ecological authority to complete rules and bylaws. Unlike
previous studies that did not study particles in direct contact with chil-
dren, the present study offers more real data since the glasses lenses
from which the particles were extracted are less than 1-cm from the
eyes of children. Therefore, it is believed that this study is more real
when the evaluation of particles that affect the eye health of children
from urban and rural schools.
The NPs and UFPs identified in the urban area were mostly particles
derived from combustion of diesel from buses and cars, oil from the re-
finery, and coal from the coal-fired power plant. More than 50% of these
particles contained elements such asNi andV (oil-based tracers), As and
Se (Brazilian coal-combustion tracers), and several other toxic ele-
ments. On the other hand, the NPs and UFPs were mostly bioaerols
and derived from the resuspension of soil dust and the degradation of
construction materials, after all, the conservation status of such schools
is not adequate, especially because they are public, in contrast to the
urban schools. Quantifying the health costs of air pollution is conducive
to improving the quality and efficiency of environmental regulations
and understanding the costs of economic development. Nevertheless,
the endogeneity of air pollution causes bias. Similarly, identifying the
mechanism of the occurrence of health costs has many difficulties,
such as lack of data. Ignoring the mechanism of occurrence affects the
reliability of the conclusion. Finally, individuals are also emitters of air
pollution. The government should promote green travel and improve
public transportation. Choosing green public transportation can reduce
exhaust emissions and reduce individual exposure to outdoor air pollu-
tion. Individuals should bemotivated to participate in pollution control.
Areas with more individual participation tend to have better pollutioner EDSand SAED study; and (B) FE-SEM image of gypsumderived from thewear and tear of
s as private schools in the urban area.
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxcontrol effects. In short, individuals, enterprises, and governments must
jointly manage them to reduce air contamination and improve human
health.
Declaration of Competing Interest
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.
Acknowledgments
We thank the Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPq) for financial support.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.gsf.2020.12.014.
References
Akinyemi, S.A., Gitari, W.M., Petrik, L.F., Nyakuma, B.B., Hower, J.C., Ward, C.R., Oliveira,
M.L.S., Silva, L.F.O., 2019. Environmental evaluation and nano-mineralogical study
of fresh and unsaturated weathered coal fly ashes. Science of the Total Environment
663, 177–188.
Akinyemi, S.A., Gitari, W.M., Thobakgale, R., Petrik, L.F., Nyakuma, B.B., Hower, J.C., Ward,
C.R., Oliveira, M.L.S., Silva, L.F.O., 2020. Geochemical fractionation of hazardous ele-
ments in fresh and drilled weathered South African coal fly ashes. Environmental
Geochemistry and Health 42, 2771–2788.
Akinyemi, S.A., Nyakuma, B.B., Jauro, A., Adebayo, O.F., OlaOlorun, O.A., Adegoke, A.K.,
Aturamu, A.O., Adetunji, A., Gitari,W.M., Mudzielwana, R., 2021. Mineralogy, physico-
chemical and oxidative thermal analyses of Cretaceous coals from the Benue Trough,
Nigeria. Energy Geoscience https://doi.org/10.1016/j.engeos.2020.07.001.
Arenas-Lago, D., Vega, F.A., Silva, L.F., Andrade, M.L., 2014a. Copper distribution in surface
and subsurface soil horizons. Environmental Science and Pollution Research Interna-
tional 21, 10997–11008.
Arenas-Lago, D., Veja, F.A., Silva, L.F., Luisa, A., 2014b. Lead distribution between soil geo-
chemical phases and its fractionation in Pb-treated soils. Fresenius Environmental
Bulletin 23, 1025.
Azari, A.A., Barney, N.P., 2013. Conjunctivitis: A systematic review of diagnosis and treat-
ment. Journal of the American Medical Association 310, 1721–1729.
Cerqueira, B., Vega, F.A., Serra, C., Silva, L.F.O., Andrade, M.L., 2011. Time of flight second-
ary ionmass spectrometry and high-resolution transmission electronmicroscopy/en-
ergy dispersive spectroscopy: A preliminary study of the distribution of Cu2+ and
Cu2+/Pb2+ on a Bt horizon surfaces. Journal of Hazardous Materials 422–431.
Cerqueira, B., Vega, F.A., Silva, L.F.O., Andrade, L., 2012. Effects of vegetation on chemical
and mineralogical characteristics of soils developed on a decantation bank from a
copper mine. Science of the Total Environment 421-422, 220–229.
Choleva, T.G., Tsogas, G.Z., Vlessidis, A.G., Giokas, D.L., 2020. Development of a sequential
extraction and speciation procedure for assessing the mobility and fractionation of
metal nanoparticles in soils. Environmental Pollution 263, 114407.
Civeira, M., Pinheiro, R., Gredilla, A., De Vallejuelo, S., Oliveira, M., Ramos, C., Taffarel, S.,
Kautzmann, R., Madariaga, J., Silva, L.F., 2016. The properties of the nano-minerals
and hazardous elements: Potential environmental impacts of Brazilian coal waste
fire. Science of the Total Environment 544, 892–900.
Cortés, A., Oliveira, L.F.S., Ferrari, V., Taffarel, S.R., Feijoo, G., Moreno, M.T., 2020. Environ-
mental assessment of viticulture waste valorisation through composting as a
biofertilisation strategy for cereal and fruit crops. Environmental Pollution 264,
114794.
Cutruneo, C.M.N.L., Oliveira, M.L.S., Ward, C.R., Hower, J.C., de Brum, I.A.S., Sampaio, C.H.,
Kautzmann, R.M., Taffarel, S.R., Teixeira, E.C., Silva, L.F.O., 2014. A mineralogical and
geochemical study of three Brazilian coal cleaning rejects: Demonstration of electron
beam applications. International Journal of Coal Geology 130, 33–52.
Dalmora, A.C., Ramos, C.G., Querol, X., Kautzmann, R.M., Oliveira, M.L.S., Taffarel, S.R.,
Moreno, T., Silva, L.F.O., 2016. Nanoparticulate mineral matter from basalt dust
wastes. Chemosphere 144, 2013–2017.
De Vallejuelo, S.F.O., Gredilla, A., da Boit, K., Teixeira, E.C., Sampaio, C.H., Madariaga, J.M.,
Silva, L.F., 2017. Nanominerals and potentially hazardous elements from coal cleaning
rejects of abandoned mines: Environmental impact and risk assessment.
Chemosphere 169, 725–733.
Deng, Q., Ou, C., Chen, J., Xiang, Y., 2018. Particle deposition in tracheobronchial airways of
an infant, child and adult. Science of the Total Environment 612, 339–346.
Dias, C.L., Oliveira, M.L.S., Hower, J.C., Taffarel, S.R., Kautzmann, R.M., Silva, L.F.O., 2014.
Nanominerals and ultrafine particles from coal fires from Santa Catarina, South
Brazil. International Journal of Coal Geology 122, 50–60.6
Duarte, A.L., DaBoit, K., Oliveira, M.L.S., Teixeira, Elba C., Schneider, I.L., Silva, L.F.O., 2019.
Hazardous elements and amorphous nanoparticles in historical estuary coal mining
area. Geoscience Frontiers 10, 927–939.
Dutta, M., Islam, N., Rabha, S., Narzary, B., Bordoloi, M., Saikia, D., Silva, L.F.O., Saikia, B.K.,
2020. Acid mine drainage in an Indian high-sulfur coal mining area: Cytotoxicity
assay and remediation study. Journal of Hazardous Materials 389, 121851.
Dutta, M., Saika, J., Taffarel, S.R., Waanders, F.B., De Medeiros, D., Cutruneo, C.M.N.L., Silva,
L.F.O., Saikia, B.K., 2017. Environmental assessment and nano-mineralogical charac-
terization of coal, overburden and sediment from Indian coal mining acid drainage.
Geoscience Frontiers 8, 1285.
Ehrenbring, H.Z., Quinino, U.C.M., Oliveira, L.F.S., Tutikian, B.F., 2019. Experimental
method for investigating the impact of the addition of polymer fibers on drying
shrinkage and cracking of concretes. Structural Concrete 20, 1064–1075.
Ferrari, V., Taffarel, S.R., Espinola-Fuentes, E., Oliveira, M.L.S., Saikia, B.K., Oliveira, L.F.S.,
2019. Chemical evaluation of by-products of the grape industry as potential agricul-
tural fertilizers. Journal of Cleaner Production 208, 297–306.
Firpo, B.A.,Weiler, J., Schneider, I.A.H., 2021. Technosolmade from coal waste as a strategy
to plant growth and environmental control. Energy Geoscience https://doi.org/
10.1016/j.engeos.2020.09.006.
Fu, Q., Mo, Z., Lyu, D., Zhang, L., Qin, Z., Tang, Q., 2017. Air pollution and outpatient visits
for conjunctivitis: A case-crossover study in Hangzhou, China. Environmental Pollu-
tion 231, 1344–1350.
Garcia, K.O., Teixeira, E.C., Agudelo-Castañeda, D.M., Braga, M., Alabarse, P.G., Wiegand, F.,
Kautzmann, R.M., Silva, L.F., 2014. Assessment of nitro-polycyclic aromatic hydrocar-
bons in PM1 near an area of heavy-duty traffic. Science of the Total Environment 479-
480, 57–65.
Gasparotto, J., Chaves, P.R., da Boit, M.K., Silva, L.F.O., Gelain, D.P., Fonseca, M.J.C., 2019.
Obesity associated with coal ash inhalation triggers systemic inflammation and oxi-
dative damage in the hippocampus of rats. Food and Chemical Toxicology 133,
110766.
Gasparotto, J., Chaves, P.R., da Boit Martinello, K., da Rosa-Siva, H.T., Bortolin, R.C., Silva,
L.F.O., Rabelo, T.K., da Silva, J., da Silva, F.R., Nordin, A.P., Soares, K., Borges, M.S.,
Gelain, D.P., Moreira, J.C.F., 2018. Obese rats are more vulnerable to inflammation,
genotoxicity and oxidative stress induced by coal dust inhalation than non-obese
rats. Ecotoxicology and Environmental Safety 165, 44–51.
Gasparotto, J., Martinello, K.B., 2021. Coal as an energy source and its impacts on human
health. Energy Geoscience https://doi.org/10.1016/j.engeos.2020.07.003.
Gredilla, A., de Vallejuelo, S.F.O., Gomez-Nubla, L., Carrero, J.A., de Leão, F.B., Madariaga,
J.M., Silva, L.F., 2017. Are children playgrounds safe play areas? Inorganic analysis
and lead isotope ratios for contamination assessment in recreational (Brazilian)
parks. Environmental Science and Pollution Research 24, 24333–24345.
Gredilla, A., de Vallejuelo, S.F.O., Rodriguez-Iruretagoiena, A., Gomez, L., Oliveira, M.L.S.,
Arana, G., de Diego, A., Madariaga, J.M., Silva, L.F.O., 2019. Evidence of mercury se-
questration by carbon nanotubes and nanominerals present in agricultural soils
from a coal fired power plant exhaust. Journal of Hazardous Materials 378, 120747.
Hower, J.C., Groppo, J.G., 2021. Rare earth-bearing particles in fly ash carbons: Examples
from the combustion of coals from eastern Kentucky, America. Energy Geoscience
https://doi.org/10.1016/j.engeos.2020.09.003.
Hower, J.C., Okefe, J.M.K., Henke, K.R., Wagner, N.J., Copley, G., Balke, D.R., Garrison, T.,
Oliveira, M.L.S., Kautzmann, R.M., Silva, L.F.O., 2013. Gaseous emissions and subli-
mates from the Truman Shepherd coal fire, Floyd County, Kentucky: A re-
investigation following attempted mitigation of the fire. International Journal of
Coal Geology 116, 63–74.
Iovieno, A., Lambiase, A., Sacchetti, M., Stampachiacchiere, B., Micera, A., Bonini, S., 2008.
Preliminary evidence of the efficacy of probiotic eye-drop treatment in patients with
vernal keratoconjunctivitis. Graefe's Archive for Clinical and Experimental Ophthal-
mology 246, 435–441.
Islam, N., Rabha, S., Silva, L.F.O., Saikia, B.K., 2019. Air quality and PM10-associated poly-
aromatic hydrocarbons around the railway traffic area: statistical and air mass trajec-
tory approaches. Environmental Geochemistry and Health 41, 2039–2053.
Ito, K., Christensen, W.F., Eatough, D.J., Henry, R.C., Kim, E., Laden, F., Lall, R., Larson, T.V.,
Neas, L., Hopke, P.K., Thurston, G.D., 2006. PM source apportionment and health ef-
fects: 2. An investigation of intermethod variability in associations between source-
apportioned fine particle mass and daily mortality in Washington, DC. Journal of Ex-
posure Science & Environmental Epidemiology 16, 300–310.
Kronbauer, M.O.A., Izquierdo, M., Dai, S., Waanders, F.B., Wagner, N.J., Mastalerz, M.,
Hower, J.C., Oliveira, M.L.S., Taffarel, S.R., Bizani, D., Silva, L.F.O., 2013. Geochemistry
of ultra-fine and nano-compounds in coal gasification ashes: A synoptic view. Science
of the Total Environment 456-457, 95–103.
León-Mejía, G., Machado, M.N., Okuro, R.T., Silva, L.F., Telles, C., Dias, J., Niekraszewicz, L.,
Da Silva, J., Henriques, J.A.P., Zin, W.A., 2018. Intratracheal instillation of coal and coal
fly ash particles in mice induces DNA damage and translocation of metals to
extrapulmonary tissues. Science of the Total Environment 625, 589–599.
León-Mejía, G., Silva, L.F., Civeira, M.S., Oliveira, M.L.S., Machado, M., Villela, I.V.,
Hartmann, A., Premoli, S., Corrêa, D.S., Silva, L., Henriques, J.A.P., 2016. Cytotoxicity
and genotoxicity induced by coal and coal fly ash particles samples in V79 cells. En-
vironmental Science and Pollution Research 23, 24019–24031.
Lin, H., Guo, Y., Ruan, Z., Yang, Y., Chen, Y., Zheng, Y., Cummings-Vaughn, L.A., Rigdon, S.E.,
Vaughn, M.G., Sun, S., Zhang, L., Wang, X., Qian, Z.M., Wu, F., 2019. Ambient PM2.5 and
O3 and their combined effects on prevalence of presbyopia among the elderly: A
cross-sectional study in six low- and middle-income countries. Science of the Total
Environment 655, 168–173.
Madureira, J., Slezakov, K., Silva, A.I., Lage, B., Mendesa, A., Aguiar, L., Pereira, M.C.,
Teixeira, J.P., Costa, C., 2020. Assessment of indoor air exposure at residential
homes: Inhalation dose and lung deposition of PM10, PM2.5 and ultrafine particles
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxamong newborn children and their mothers. Science of the Total Environment 717,
137293.
Martinello, K., Oliveira, M., Molossi, F., Ramos, C., Teixeira, E., Kautzmann, R., Silva, L.F.,
2014. Direct identification of hazardous elements in ultra-fine and nanominerals
from coal fly ash produced during diesel co-firing. Science of the Total Environment
470-471, 444–452.
McConnell, R., Islam, T., Shankardass, K., Jerrett, M., Lurmann, F., Gilliland, F., 2010. Child-
hood incident asthma and traffic-related air pollution at home and school. Environ-
mental Health Perspectives 118, 1021–1026.
Morillas, H., García-Florentino, C., Marcaida, I., Maguregui, M., Arana, G., Silva, L.F.,
Madariaga, J., 2018a. In-situ analytical study of bricks exposed to marine environ-
ment using hand-held X-ray fluorescence spectrometry and related laboratory tech-
niques. Spectrochimica Acta Part B-Atomic Spectroscopy 146, 28–35.
Morillas, H., Vazquez, P., Maguregui, M., Marcaida, I., Silva, L.F., 2018b. Composition and
porosity study of original and restoration materials included in a coastal historical
construction. Construction and Building Materials 178, 384–392.
Mukamal, R., 2020. Eye care during the coronavirus pandemic. American Academy of
Ophthamology https://www.aao.org/eye-health/tips-prevention/coronavirus-
covid19-eye-infection-pinkeye (accessed 22 May 2020).
Nordin, A.P., Da SIlva, J., De Souza,, C.T.; Niekraszewicz, L.A.B., Dias, J.F., Da Boit, K., Oliveira,
M.L.S., Grivicich, I., Garcia, A.L.H, Oliveira, L.F.S., Da Silva, F.R., 2018. In vitro genotoxic
effect of secondary minerals crystallized in rocks from coal mine drainage. Journal of
Hazardous Materials 346, 263-272.
Oliveira, M.L.S., Da Boit, K., Pacheco, F., Teixeira, E.C., Schneider, I.L., Crissien, T.J., Pinto,
D.C., Oyaga, R.M., Silva, L.F.O., 2018. Multifaceted processes controlling the distribu-
tion of hazardous compounds in the spontaneous combustion of coal and the effect
of these compounds on human health. Environmental Research 160, 562–567.
Oliveira, M.L.S., Da Boit, K., Schneider, I.L., Teixeira, E.C., Crissien, T.B., Silva, L.F.O., 2018.
Study of coal cleaning rejects by FIB and sample preparation for HR-TEM: Mineral
surface chemistry and nanoparticle-aggregation control for health studies. Journal
of Cleaner Production 188, 662–669.
Oliveira, M.L.S., Dario, C., Tutikian, B.F., Ehrenbring, H.Z., Almeida, C.C.O., Silva, Luis F.O.,
2019. Historic building materials from Alhambra: Nanoparticles and global climate
change effects. Journal of Cleaner Production 232, 751–758.
Oliveira, M.L.S., Flores, E.M.M., Dotto, G.L., Neckel, A., Silva, L.F.O., 2021. Nanomineralogy of
mortars and ceramics from the Forum of Caesar and Nerva (Rome, Italy): The protag-
onist of black crusts produced on historic buildings. Journal of Cleaner Production
278, 123982.
Oliveira, M.L.S., Izquierdo, M., Querol, X., Lieberman, R.N., Saikia, B.K., Silva, L.F.O., 2019.
Nanoparticles from construction wastes: A problem to health and the environment.
Journal of Cleaner Production 219, 236–243.
Oliveira, M.L.S., Marostega, F., Taffarel, S.R., Saikia, B.K., Waanders, F.B., DaBoit, K., Baruah,
B.P., Silva, L.F.O., 2014. Nano-mineralogical investigation of coal and fly ashes from
coal-based captive power plant (India): An introduction of occupational health haz-
ards. Science of the Total Environment 468-469, 1128–1137.
Oliveira, M.L.S., Navarro, O.G., Crissien, T.J., Tutikian, B.F., Da Boit, K., Teixeira, E.C., Cabello,
J.J., Agudelo-CAST, Castañeda, Silva, D.M., O., L.F., 2017. Coal emissions adverse human
health effects associated with ultrafine/nano-particles role and resultant engineering
controls. Environmental Research 158, 450–455.
Oliveira, M.L.S., Pinto, D., Tutikian, B.F., Da Boit, K., Saikia, B.K., Silva, L.F.O., 2019. Pollution
from uncontrolled coal fires: Continuous gaseous emissions and nanoparticles from
coal mining industry. Journal of Cleaner Production 215, 1140–1148.
Oliveira, M.L.S., Saikia, B.K., Da Boit, K., Pinto, D., Tutikian, B.F., Silva, L.F.O., 2019. River dy-
namics and nanopaticles formation: A comprehensive study on the nanoparticle geo-
chemistry of suspended sediments in theMagdalena River, Caribbean Industrial Area.
Journal of Cleaner Production 213, 819–824.
Oliveira, M.L.S., Tutikian, B.F., MIlanes, C., Silva, L.F.O., 2020. Atmospheric contaminations
and bad conservation effects in Roman mosaics and mortars of Italica. Journal of
Cleaner Production 248, 119250.
Oliveira, M.L.S., Ward, C.R., French, D., Hower, J.C., Querol, X., Silva, L.F.O., 2012. Mineral-
ogy and leaching characteristics of beneficiated coal products from Santa Catarina,
Brazil. International Journal of Coal Geology 94, 314–325.
Oliveira, M.L.S., Ward, C.R., Sampaio, C.H., Querol, X., Cutruneo, C.M.N.L., Taffarel, S.R.,
Silva, L.F.O., 2013. Partitioning of mineralogical and inorganic geochemical compo-
nents of coals from Santa Catarina, Brazil, by industrial beneficiation processes. Inter-
national Journal of Coal Geology 116, 75–92.
Pacitto, A., Amato, F., Moreno, T., Pandolfi, M., Fonseca, A., Mazaheria, M., Stabile, L.,
Buonanno, G., Querol, X., 2020. Effect of ventilation strategies and air purifiers on
the children's exposure to airborne particles and gaseous pollutants in school gyms.
Science of the Total Environment 712, 135673.
Pun, V.C., Tian, L., Yu, I.T.S., Kioumourtzoglou, M.A., Qiu, H., 2015. Differential distributed
lag patterns of source-specific particulate matter on respiratory emergency hospital-
izations. Environmental Science & Technology 49, 3830–3838.
Quispe, D., Perez-Lopez, R., Silva, L.F.O., Nieto, J.M., 2012. Changes inmobility of hazardous
elements during coal combustion in Santa Catarina power plant (Brazil). Fuel 94,
495–503.
Ramírez, O., Da Boit, K., Blanco, E., Silva, L.F.O., 2020. Hazardous thoracic and ultrafine par-
ticles from road dust in a Caribbean industrial city. Urban Cimate 33, 2020 100655.
Ramírez, O., Sánchez de la Campa, A.M., Amato, F., Moreno, T., Silva, L.F., de la Rosa, J.D.,
2019. Physicochemical characterization and sources of the thoracic fraction of road
dust in a Latin American megacity. Science of the Total Environment 652, 434–446.
Ramos, C.G., Dos Santos, D.M., Gomez, L., Oliveira, L.F.S., Schneider, I.A.H., Kautzmann,
R.M., 2019. Evaluation of soil re-mineralizer from by-product of volcanic rockmining:
Experimental proof using black oats and maize crops. Natural Resources Research 29,
1583–1600.7
Ramos, C.G., Querol, X., Oliveira, M.L.S., Pires, K., Kautzmann, R.M., Silva, L.F., 2015. A pre-
liminary evaluation of volcanic rock powder for application in agriculture as soil a
remineralizer. Science of the Total Environment 512-513, 371–380.
Rautenbach, R., Matjie, R., Strydom, C., Bunt, J., 2021. Transformation of inherent and ex-
traneous minerals in feed coals of commercial power stations and their density-
separated fractions. Energy Geoscience https://doi.org/10.1016/j.engeos.2020.09.002.
Ribeiro, J., 2021. Occurrence, leaching and mobility of trace elements in a coal mining
waste dump: the case of Douro Coalfield (Portugal). Energy Geoscience https://doi.
org/10.1016/j.engeos.2020.09.005.
Ribeiro, J., Daboit, K.A., Flores, D., Kronbauer, M.A., Silva, L.F.O., 2013. Extensive FE-SEM/
EDS, HR-TEM/EDS and TOF-SIMS studies of micron- to nano-particles in anthracite
fly ash. Science of the Total Environment 452-453, 98–107.
Ribeiro, J., Taffarel, S.R., Sampaio, C.H., Flores, D., Silva, L.F.O., 2013. Mineral speciation and
fate of some hazardous contaminants in coal waste pile from anthracite mining in
portugal. International Journal of Coal Geology 109–110, 15–23.
Rodriguez-Iruretagoiena, A., Fdez-Ortiz de Vallejuelo, S., Gredilla, A., Ramos, C.G., Oliveira,
M.L.S., Arana, G., Diego, A., Madariaga, J.M., Silva, L.F.O., 2015. Fate of hazardous ele-
ments in agricultural soils surrounding a coal power plant complex from Santa
Catarina (Brazil). Science of the Total Environment 508, 374–382.
Rojas, J.C., Sánchez, N.E., Schneider, I., Teixeira, E.C., Silva, L.F.O., 2019. Exposure to
nanometric pollutants in primary schools: Environmental implications. Urban Cli-
mate 27, 412–419.
Ruan, Z., Qian, Z.M., Guo, Y., Zhou, J., Yang, Y., Acharya, B.K., Guo, S., Zheng, Y., Cummings-
Vaughn, L.A., Rigdon, S.E., Vaughn, M.G., Chen, X., Wu, F., Lin, H., 2019. Ambient fine
particulate matter and ozone higher than certain thresholds associated with myopia
in the elderly aged 50 years and above. Environmental Research 177, 108581.
Saikia, B., Dalmora, A., Choudhury, R., Das, T., Taffarel, S., Silva, L.F., 2016. Effective removal
of sulfur components from Brazilian power-coals by ultrasonication (40 kHz) in pres-
ence of H2O2. Ultrasonics Sonochemistry 32, 147–157.
Saikia, B.K., Saikia, J., Rabha, S., Silva, L.F., Finkelman, R., 2018. Ambient nanoparticles/
nanominerals and hazardous elements from coal combustion activity: Implications
on energy challenges and health hazards. Geoscience Frontiers 9, 863–875.
Saikia, B.K., Ward, C.R., Oliveira, M.L.S., Hower, J.C., Baruah, B.P., Braga, M., Silva, L.F., 2014.
Geochemistry and nano-mineralogy of twomedium-sulfur northeast Indian coals. In-
ternational Journal of Coal Geology 121, 26–34.
Saikia, B.K., Ward, C.R., Oliveira, M.L.S., Hower, J.C., De Leão, F., Johnston, M.N., Obryan, A.,
Sharma, A., Baruah, B.P., Silva, L.F.O., 2015. Geochemistry and nano-mineralogy of
feed coals, mine overburden, and coal-derived fly ashes from Assam (North-east
India): A multi-faceted analytical approach. International Journal of Coal Geology
137, 19–37.
Saikia, M., Das, T., Dihingia, N., Fan, X., Silva, L.F.O., Saikia, B.K., 2020. Formation of carbon
quantum dots and graphene nanosheets from different abundant carbonaceous ma-
terials. Diamond and Related Materials 106, 107813.
Sanchís, J., Bo'ovi', D., Al-Harbi, N.A., Silva, L.F., Farré, M., Barceló, D., 2013. Quantitative
trace analysis of fullerenes in river sediment from spain and soils from Saudi
Arabia. Analytical and Bioanalytical Chemistry 405, 5915–5923.
Sanchís, J., Oliveira, L.F., De Leão, F., Farré, M., Barceló, D., 2015. Liquid chromatography-
atmospheric pressure photoionization-orbitrap analysis of fullerene aggregates on
surface soils and river sediments from santa catarina (Brazil). Science of the Total En-
vironment 505, 172–179.
Schneider, I.L., Teixeira, E.C., Agudelo-Castañeda, D., Silva e Silva, G., Balzaretti, N., Braga,
M., Oliveira, L.F., 2016. FTIR analysis and evaluation of carcinogenic and mutagenic
risks of nitro-polycyclic aromatic hydrocarbons in PM1.0. Science of the Total Envi-
ronment 541, 1151–1160.
Schneider, I.L., Teixeira, E.C., Silva, L.F., Wiegand, F., 2015. Atmospheric particle number
concentration and size distribution in a traffic-impacted area. Atmospheric Pollution
Research 6, 877–885.
Sehn, J., De Leão, F., Da Boit, K., Oliveira, M., Hidalgo, G., Sampaio, C., Silva, L.F., 2016.
Nanomineralogy in the real world: a perspective on nanoparticles in the environ-
mental impacts of coal fire. Chemosphere 147, 439–443.
Silva, L.F.O., Crissien, T.J., Minalés, C., Sampaio, C.H., 2020a. A three-dimensional nanoscale
study in selected coal mine drainage. Chemosphere 246, 125946.
Silva, L.F.O., Crissien, T.J., Sampaio, C.H., Hower, J.C., Dai, S., 2020b. Occurrence of carbon
nanotubes and implication for the siting of elements in selected anthracites. Fuel
263, 116740.
Silva, L.F.O., Crissien, T.J., Schneider, I.L., Blanco, É.P., Sampaio, C.H., 2020c. Nanometric
particles of high economic value in coal fire region: Opportunities for social improve-
ment. Journal of Cleaner Production 256, 120480.
Silva, L.F.O., Crissien, T.J., Tutikian, B.F., Sampaio, C.H., 2020d. Rare Earth Elements and car-
bon nanotubes in coal mine around spontaneous combustions. Journal of Cleaner
Production 253, 120068.
Silva, L.F.O., DaBoit, K., Sampaio, C.H., Jasper, A., Andrade, M.L., Kostova, I.J., Waanders, F.B.,
Henke, K.R., Hower, J.C., 2012. The occurrence of hazardous volatile elements and
nanoparticles in Bulgarian coal fly ashes and the effect on human health exposure.
Science of the Total Environment 416, 513–526.
Silva, L.F.O., Fdez-Ortiz de Vallejuelo, S., Martinez-Arkarazo, I., Castro, K., Oliveira, M.L.S.,
Sampaio, C.H., de Brum, I.A.S., De Leão, F.B., Taffarel, S.R., Madariaga, J.M., 2013a.
Study of environmental pollution and mineralogical characterization of sediment riv-
ers from Brazilian coal mining acid drainage. Science of the Total Environment 447,
169–178.
Silva, L.F.O., Hower, J.C., Dotto, G.L., Oliveira, M.L.S., Pinto, D., 2021. Titanium nanoparticles
in sedimented dust aggregates from urban children's parks around coal ashes wastes.
Fuel 285, 119162.
Silva, L.F.O., Izquierdo, M., Querol, X., Finkelman, R.B., Oliveira, M.L.S., Wollenschlager, M.,
Towler, M., Pérez-López, R., Macias, F., 2011. Leaching of potential hazardous
K. Martinello, J.C. Hower, G.L. Dotto et al. Geoscience Frontiers xxx (xxxx) xxxelements of coal cleaning rejects. Environmental Monitoring and Assessment 175,
109–126.
Silva, L.F.O., Jasper, A., Andrade, M.L., Sampaio, C.H., Dai, S., Li, X., Li, T., Chen, W., Wang, X.,
Liu, H., Zhao, L., Hopps, S.G., Jewell, R.F., Hower, J.C., 2012. Applied investigation on
the interaction of hazardous elements binding on ultrafine and nanoparticles in Chi-
nese anthracite-derived fly ash. Science of the Total Environment 419, 250–264.
Silva, L.F.O., Macias, F., Oliveira, M.L.S., da Boit, K.M., Waanders, F., 2011. Coal cleaning res-
idues and Fe-minerals implications. Environmental Monitoring and Assessment 172,
367–378.
Silva, L.F.O., Oliveira, M.L.S., Neace, E.R., OKeefe, J.M.K., Henke, K.R., Hower, J.C., 2011.
Nanominerals and ultrafine particles in sublimates from the Ruth Mullins coal fire,
Perry County, Eastern Kentucky, USA. International Journal of Coal Geology 85,
237–245.
Silva, L.F.O., Oliveira, M.L.S., Sampaio, C.H., De Brum, I.A.S., Hower, J.C., 2013b. Vanadium
and nickel speciation in pulverized coal and petroleum coke co-combustion. Energy
& Fuels 27, 1194–1203.
Silva, L.F.O., Querol, X., da Boit, K.M., Fdez-Ortiz de Vallejuelo, S., Madariaga, J.M., 2011.
Brazilian coal mining residues and sulphide oxidation by Fenton's reaction: An accel-
erated weathering procedure to evaluate possible environmental impact. Journal of
Hazardous Materials 186, 516–525.
Silva, L.F.O., Sampaio, C.H., Guedes, A., Fdez-Ortiz de Vallejuelo, S., Madariaga, J.M., 2012.
Multianalytical approaches to the characterisation of minerals associated with coals
and the diagnosis of their potential risk by using combined instrumental
microspectroscopic techniques and thermodynamic speciation. Fuel 94, 52–63.
Sugiyama, T., Ueda, K., Seposo, X.T., Nakashima, A., Kinoshita, M., Matsumoto, H., Ikemori,
F., Honda, A., Takano, H., Michikawa, T., Nitta, H., 2020. Health effects of PM2.5
sources on children's allergic and respiratory symptoms in Fukuoka, Japan. Science
of the Total Environment 709, 136023.8
Sumbane-Prinsloo, L., Bunt, J., Piketh, S., Neomagus, H., Waanders, F., Matjie, R., 2021. The
influence of particle size on the thermal performance of coal and its derived char in a
Union stove. Energy Geoscience https://doi.org/10.1016/j.engeos.2020.08.001.
Wilcox, J., Wang, B., Rupp, E., Taggart, R., Hsu-Kim, H., Oliveira, M.L.S., Cutruneo, C.M.N.L.,
Taffarel, S.R., Silva, L.F.O., Hopps, S.D., Thomas, R.A., Hower, J.C., 2015. Observations
and assessment of fly ashes from high-sulfur bituminous coals and blends of
high-sulfur bituminous and subbituminous coals: Environmental processes recorded
at the macro and nanometer scale. Energy & Fuels 29, 7168–7177.
Yamazaki, S., Shima, M., Yoda, Y., Kurosaka, F., Isokawa, T., Shimizu, S., Ogawa, T.,
Kamiyoshi, N., Terada, K., Nishikawa, J., Hanaoka, K., Yamada, T., Matsuura, S.,
Hongo, A., Yamamoto, I., 2019. Association between chemical components of PM2.5
and children's primary care night-time visits due to asthma attacks: A case-
crossover study. Allergology International 68, 329–334.
Yang, L., Wang, S., Peng, X., Zheng, M., Yang, Y., Xiao, K., Liu, G., 2019. Gas
chromatography-Orbitrap mass spectrometry screening of organic chemicals in fly
ash samples from industrial sources and implications for understanding the forma-
tion mechanisms of unintentional persistent organic pollutants. Science of the Total
Environment 664, 107–115.
Zamberland, D.C., Halmenschelager, P.T., Silva, L.F.O., Da Rocha, J.B.T., 2020. Copper de-
creases associative learning and memory in Drosophila melanogaster. Science of the
Total Environment 710, 135306.
Zanoletti, A., Bilo, F., Federici, S., Borgese, L., Depero, L.E., Ponti, J., Valsesia, A., Spina, R.,
Segata, M., Montini, T., Bontempi, E., 2020. The first material made for air pollution
control able to sequestrate fine and ultrafine air particulate matter. Sustainable Cities
and Society 53, 101961.
Zhang, G., Bi, X., Lou, S., Li, L., Wang, H., Wang, X., Zhou, Z., Sheng, G., Fu, J., Chen, C., 2014.
Source and mixing state of iron-containing particles in Shanghai by individual parti-
cle analysis. Chemosphere 95, 9–16.
